Argon Thermometer.
T em perature. P ressu re . V olum e. E . 0 C. mm.
100-1 1414-9 1-0026 3-8095 o-o 1040-0 1-0000 3-8022 -182-7
353-2 0-9953 3-8930 No correction has been made for the unheated or uncooled stem of the thermometer; but it is obvious that although the lowest tempera ture lies close to the boiling point of argon, the ratio of the values of PY/T of hydrogen and argon at that temperature, as well as the others, is practically constant. . In the present paper, certain expressions are arrived at, in terms of zonal spherical harmonics and their first derivatives, by which the values of the two components of the magnetic force may be calculated for any point in the interior of a coil, and hence the total force may be found both in magnitude and direction. The resulting series suffer from the well-known defect in the spherical harmonic method, in that they are not very rapidly converging for points near the boundary of the space for which they apply. A table of the values of the first derivatives of the first seven zonal harmonics is added. This table, in conjunction with that calculated by Messrs. Holland, Jones, and Lamb, and published in the ' Philosophical Magazine,' Series 5, December, 1891, will facilitate the numerical use of the expressions arrived at.
Let Slda be the magnetic potential at any point within a solenoid whose depth of winding da i s indefinitely small. of this " solenoidal sheet," and the axis of 0 be the axis of the coil, the axis of x being along a radius of the circular section of the coil, and the origin at the centre of the equatorial section of the coil, we have, neglecting the insulating covering of the wire, where X = the radial component of the magnetic force, Z = the axial component, S = radius of the outside winding of the coil of finite dimen sions, T = radius of the inside winding.
where n -the number of turns per unit length per unit increase radius, y = current in C.G.S. units, Vj = potential at the point considered due to a plane area of surface density unity, coinciding with the positive end of the coil, V2 = potential due to the negative end.
If ra nd r'be the distance of the point considered from the of the positive and negative ends of the coil respectively, and Prt and Qrt the nth zonal harmonics corresponding to the angles 9 and < f > which rand r make respectively with the axis of the coil, we have 
when r > a, with similar expressions for V2 in terms of and Q.
The following relations are tru e :-
When Q and r are substituted for P and r, the forms of (1) and (2) remain unaltered; whilst (3) and (4) become respectively < 8> s i § w --< ' +1> £ * 5 ( 0 ~r '-Q, -orr'-lQ ...,. * Maxwell's ( E lectricity and M agnetism / Second E dition, vol. 2, § 676, eq. 12. f Ibid,, cqs. 14 and 15.
Mr. C. Coleridge Farr.
Expressions fo r
These relations may all be proved (as was done originally by the author) by induction, using the well known relation
Assuming them to be true for Po-i and P^-2, they may then be shown to be true for P^; and trial establishes the equality in the case of P2 and P x. Professor T. B. Lyle has, however, given me a much shorter and neater proof by means of the relations 
where, as usual, P'o-= -^r-, dp if l denote the half-length of the coil. Since
A single example is sufficient. Taking the case of equation (3) wo have
Expressions for the components of the magnetic force in that region of a long coil for which r and r are both greater than S.
It will be found that
Since ?<(S -T) = the number of turns per unit of length, = N (say), the defect of Z from 47rNy depends on the importance of the terms under the sign 2. For the region near the equatorial plane of an infinitely long solenoid these terms become vanishingly small.
The series under the sign 2 are convergent, though not very rapidly so if S is nearly as large as ro r r .
Case II.
Expressions for the region near one end of a long solenoid where r < T and r '> S. In this case (y) X = r r dP. . T j l ogeS + 2 p = oo
From (8) it is easy to deduce the fact that in the plane of one end of an infinitely long solenoid the axial component is constant and equal to 27rNy, t.e., half its value for the equatorial region of the same coil.
VOL. LXIV.
Q Case Short solenoid: expressions for the components in the region in which r and r' are both less than T. Here
It is easily deduced from (£) that the value of Z at the centre of a circular coil consisting of a few turns all having approximately the same radius T, is 27ryK/T, where K is the total number of turns.
Case IV.
Expression for the magnetic force in that region of a solenoid in which S > r > T and r '> S. 
The cases for which / < T and S > T, and S > r > T and S > r' > T, respectively, do not need separate investigation. The results, though long and cumbrous, can easily be written down from the foregoing.
The accompanying tables were originally calculated by means of the formulae: The results were finally checked by means of the relation + sin tW tW using for this purpose the table of P.ft calculated by Messrs. Holland, Jones, and Lamb, and published by Professor Perry in the ' Phil. Mag./ vol. 32,1891. This is not a complete check on the fourth figure in my tables, but no disagreement larger than O'OOOl has been passed over without examination, and that only in the higher values of It is therefore hoped that the tables may be found accurate as a whole, though it is perhaps scarcely to be expected but that some errors have escaped detection.
With the aid of Perry's tables and those now given the magnetic force at any point inside a coil may be found numerically by means of the formulae in the body of the paper. For points outside the Coil a slight alteration of the expressions for Z is necessary; those for X remain the same.
It has been thought sufficient for numerical application to give dP 7/d0 to three places of decimals. 
